ABSTRACT Myocardial damage incurred by ischaemia appears during and seems to be accelerated by reperfusion, which restores recoverable cells and disrupts badly damaged ones. Vicious cycles of oedema, calcium accumulation, acidosis, oxygen toxicity, fibrillation and air and platelet emboli contribute to the reperfusion injury. The philosophy of cool low-pressure reperfusion gradually restoring temperature and pressure to normal is here contrasted experimentally with that of immediate normothermic, normotensive perfusion after 90 minutes of ischaemic cool, cardioplegic arrest. The preparation was a canine heart which was treated according to the usual clinical protocol except that one group was reperfused at normal temperature and pressure, and the other group started reperfusion cool and at a low pressure and over the next 10 minutes pressure and temperature were restored to normal. Isovolumic ventricular function studies were done before ischaemia and after recovery and showed statistically significant differences between the groups in favour of the immediate restoration of normal temperature and pressure of perfusion. Contractile velocity and systolic pressure showed very highly significant (p = < 0 005) differences, wall stress significant (p = < 0 025) and compliance not significant differences between the groups. Reperfusion with optimal conditions may prevent "vicious cycle" changes in ischaemically damaged but recoverable myocardium. We have shown that a step in this direction is reperfusion with blood at normal temperature and pressure rather than initially at lowered temperature and pressure.
Myocardial damage appearing during reperfusion has been well-known from the earliest experience of cardioplegia as now used,' 2 and is acknowledged to be more dramatic than changes found in the ischaemic phase.3 Reperfusion accentuates the difference between recoverable and dubiously recoverable myocardium, making more obvious the damage previously only detectable by electron microscopy. The characteristic appearances of reperfusion injury result,24 6 with typical deterioration of function7-9 epitomised by "stiffness" of contraction and relaxation. Not only ischaemia but any withdrawal of metabolites or essential ions is followed by reperfusion injury on restoration of blood supply.
The events which follow reperfusion are of the "vicious cycle" type. Oedema impairs the distribution and adequacy of perfusion by increasing the intramyocardial pressure and widening diffusion distances. The impairs membrane efficiency which worsens electrolyte imbalancel3 and oedema (by disturbance of the colloid osmotic pressure from pH effects on the protein buffer system). The acidosis is actually greater than realised at the temperatures at which reperfusion occurs, because the equivalent "alkalinity" to pH 7-4 at 37°C is 7-67 at 201C.14 Reperfusion without oxygen worsens the reperfusion syndrome, yet the damage from superoxides is worse in post-ischaemic cells which have not yet restored their defences against this insult. Ventricularfibrillation frequently follows reperfusion and impairs the flow and distribution of perfusion. Restoration of blood flow to the heart may also disternd it with the same effects, little resistance to this being encountered in the flaccid cardioplegic 275 heart. The restored blood flow through the coronary arteries may carry slugs of air from the empty large vessels into the small ones where they constitute an impassable barrier to perfusion. Platelets, which are programmed to self-destruct on damaged endothelial surfaces will also enter with the restored blood flow and will find little undamaged endothelium throughout most of the coronary tree.
Reperfusion is thus typical of economic debt repaying time-uncomfortable and dangerous for the myocardium but inescapable if recovery is ever to occur. We must thus direct our attention to minimising the dangers. While Our investigation is directed to show optimal conditions of temperature and pressure reperfusate, as cardiac surgeons may be roughly divided into those recommencing perfusion with normal temperature and pressure and those starting gently at a low pressure and temperature and gradually restoring conditions to normal.'8 20 We have recently been seeking an answer to which of these two policies causes the least reperfusion injury. A contractile force and velocity had reached a plateau at a steady state, ventricular function tests were done as before. The left ventricle was then cut from the rest of the heart and its weight and displacement volume measured.
The calculations involved finding the wall thickness at each intraventricular volume (from that volume and volume of the ventricle) which allowed the wall stress at that time to be calculated with the formula s = pr/2h, p being the peak systolic pressure, r the internal radius of the ventricle at that volume, and h the wall thickness at that volume. These values and the intraventricular volume, the peak systolic pressure, and the rate of rise of pressure, were plotted against end-diastolic pressure, and the value for each at an end-diastolic pressure of 10 mm Hg were calculated from the regression formula. The final values for these were expressed as percentages of the initial values. Mean and standard error for each group could then be found for volume (compliance), peak systolic pressure (force), wall stress (contractile force) and rate of rise of pressure (dp/dt expressing the velocity of contraction) and the significance of differences between the groups found using Student's t-test. Velocity (dp/dt) (d) 
